Conversely, container-inhabiting mosquitoes such as Aedes (Stegomyia) albopictus (Skuse) pose a completely new set of challenges for mosquito abatement agencies. Unlike mosquitoes that thrive in flood and stagnant water habitats, Ae. albopictus larvae flourish in small pockets of water in natural and artificial containers that are often cryptic, ubiquitous, widely distributed, and inaccessibly located in private residential backyards within the peridomestic environment , Unlu et al. 2014a ). In addition, larval sources (containers) are often ephemeral, increasing and decreasing on a continual basis, or being moved by residents, thus creating new sources on a repetitive basis and making control even more difficult , Faraji 2014 , Unlu et al. 2015 . Furthermore, door-to-door control efforts concentrating on public education, source reduction, or hand-application of larvicides to specific containers are extremely labor-intensive and can accrue significant costs, particularly as this approach would be in addition to the traditional mosquito abatement efforts geared toward native species. In many cases, even if personnel were available for door-todoor efforts, a major challenge is access into private backyards because some properties are locked or vacant, residents are not home during work hours, vicious guard dogs may roam freely in backyards, or residents may simply deny access to government workers Farajollahi 2012, Unlu et al. 2015) . Public education efforts have also yielded mixed results (Winch et al. 1992 , Gubler and Clark 1996 , Bowman et al. 2014 , because acquiring public engagement is difficult and individual homeowners may become overwhelmed initially and apathetic over time, making it difficult for citizens to coordinate and maintain their efforts on a communitywide basis (Bartlett- Healy et al. 2011b , Halasa et al. 2012 . This is particularly important because control must be conducted at the community level, as a single noncomplying household can infest an entire neighborhood. Regardless, many mosquito control programs simply do not possess the man-power and necessary financial resources, in an era of shrinking government budgets, needed to suppress Ae. albopictus effectively in peridomestic environments. Therefore, control of these mosquito larvae, which is the foundation of IMM approaches, is difficult over large urban areas .
Aedes albopictus is predicted to increase its abundance and expand its geographical range in the coming years as a result of urbanization and habitat suitability, transportation of eggs and larvae in artificial containers, and drastic deviations in global climate (Benedict et al. 2007 , Schaffner et al. 2009 , Caminade et al. 2012 , Rochlin et al. 2013 , Ogden et al. 2014 . The establishment of this species into new areas, particularly highly dense human population centers, will strain the resources of mosquito control programs (if any exist at all in these new areas) and increase the public health threat for arboviruses such as chikungunya (CHIKV), dengue (DENV), and Zika (ZIKV; Gratz 2004 . Because the potential for an exotic pathogen outbreak driven by Ae. albopictus is imminent, and because mosquito control remains as the most effective method of reducing transmission risk to humans during epidemics, it is imperative that effective control strategies are developed and available to public health stewards during times of need. This review summarizes the existing and future IMM approaches developed to suppress field populations of Ae. albopictus. Although these methods may also be broadly applicable to other containerinhabiting species, such as Aedes (Stegomyia) aegypti (L.), our central focus will be recent developments in response to temperate populations of Ae. albopictus in North America. We discuss larval habitats in peridomestic environments, use of geographic information systems (GIS) for habitat preference detection, door-to-door control efforts, source reduction, direct application of larvicides, biological control, area-wide low-volume (LV) application of larvicides, hot spot treatments, autodissemination stations, public education, adult traps, attractive-toxic sugar bait methods, lethal ovitraps, barrier-residual adulticides, hand-held ultra-low-volume (ULV) adulticides, area-wide ULV adulticides applied by ground or air, and genetic control methods. The review concludes with future recommendations for practitioners, researchers, private industry, and policy makers.
Larval Sources

Geographic Information Systems
Surveillance is the backbone of any integrated management approach, and predictive mapping and spatial modeling approaches may be used successfully to visualize and direct field operations. Rapid advances in mapping (including freeware), geographic information systems (GIS), and spatial modeling are now used to predict the potential for vector expansion and establishment and to identify key habitats for intervention efforts. Many researchers have addressed the use of GIS, remote sensing, and modeling for use against invasive mosquitoes and the pathogens that they may transmit (Rogers and Randolph 2003 , Ostfeld et al. 2005 , Kittayapong et al. 2008 , Eisen and Eisen 2011 . Although mosquito presence or abundance may not be the only factor necessary for the successful transmission of an exotic arbovirus, it is nonetheless a prerequisite, and identification of these infested areas would lead to the development of accurate risk maps for protection of public health.
Projected habitats and risk maps are being rapidly developed for Ae. albopictus in recent years, particularly in respect to temperate habitats, where the continual expansion of this species is creating havoc for public health stewards (Kobayashi et al. 2002 , Schaffner et al. 2009 , Caminade et al. 2012 , Rochlin et al. 2013 , Ogden et al. 2014 , Cianci et al. 2015 , Kraemer et al. 2015 . In addition, land use and socioeconomic variables have been used to predict Ae. albopictus abundance, although this may differ by region. For example, in southeastern Virginia, the primary socioeconomic variables that can signify an environment with high Ae. albopictus activity are lower house value, median rent value, lower levels of education, and a lower median income level (Ratigan 1999) . However, in Maryland, more mosquito larvae and host-seeking adults were found in residential parcels with higher socioeconomic values and low decay (Becker et al. 2014) . This change was attributed to the ability of Ae. albopictus to switch from rain-fed discarded containers within high urban decay neighborhoods in the early season, to shaded or purposely watered habitats in low decay areas during the mid-season and thereafter (Becker et al. 2014 ). Furthermore, in Italy, Ae. albopictus eggs abundance has been associated with vegetation and presence of trees, while the relationship with grass cover was negative (Cianci et al. 2015) . In central New Jersey, the relationship between Ae. albopictus adult abundance and climate, census, and land use determined that the species prefers areas near residential housing and vegetation (Ferwerda 2009 ). In particular, vacant housing units, rights-of-way parcels, population density, and deciduous woody vegetation were strong predictors of Ae. albopictus presence (Ferwerda 2009 , Dowling et al. 2013 . The findings in temperate North America and Europe are consistent with the known preference of Ae. albopictus for shaded habitats.
Other environmental and meteorological conditions, such as rainfall, are also important in determination of mosquito abundance. In addition, the accumulation of degree-day thermal units for larval developmental stages (Gu and Novak 2006) may also prove especially useful against container-inhabiting mosquitoes near the edges of their geographic distribution ranges where they may be most vulnerable. The accurate use of degree-day models, coupled with timely intervention efforts, may prove as an "Achilles Heel" approach that may have long-lasting control effectiveness. For example, Fonseca et al. (http://asiantigermosquito.rutgers.edu/ Control.html) have utilized degree-day models to predict when Ae. albopictus populations become active in specific geographic areas in the United States and have recommended the use of area-wide larvicide efforts approximately one month before exponential growth occurs to slow the increase of field populations in the spring. Conversely, the degree-day model may also be used in the fall to predict diapause and timely intervention of area-wide adulticides to impact next year's population.
Regardless of the modeling approach taken within a GIS framework, it is important to conduct local investigations and groundtruth the predictions with accurate field entomological data. The heterogeneity and ubiquity of larval habitats of Ae. albopictus within metropolitan centers demands increased accuracy in predictions, so that public health agencies may allocate the most rapid and effective control methods within the limitations of funding and resources.
Larval Habitats
The heterogeneity of container habitats in peridomestic environments, which ranges from tree holes to backyard pools to buckets, tires, and catch basins, poses the greatest challenge for mosquito control programs. This problem has facilitated research into the determination of the most productive and preferred containers by Stegomyia mosquitoes, with the hopes of directing effective control strategies. Studies from several urban areas indicate that Ae. aegypti prefer containers holding drinking water, especially those retained near or even inside homes, but may also use other artificial containers (Focks and Chadee 1997 , Manrique-Saide et al. 2008 , Edillo et al. 2012 . However, recent infestations in central California have shown that the species will also thrive in cryptic habitats such as below-ground electrical transformer vaults and small yard drains (S. Mulligan personal communication).
Because of its relatively recent worldwide expansion and emergence as an important vector, less is known about the larval habitat preference of Ae. albopictus (Gratz 2004) . Published reports indicate that Ae. albopictus is often found in a remarkably diverse array of natural and artificial containers, often in less accessible areas away from urban centers (Preechaporn et al. 2006 , Richards et al. 2008 , Wheeler et al. 2009 , Bartlett-Healy et al. 2012 . The species has been reported from coconut shells, dead cow horns, abandoned cars, tree holes, bamboo nodes, discarded tires, plant saucers, bottle caps, and leaf axils (Sunahara and Mogi 1997 , Carrieri et al. 2003 , Simard et al. 2005 , Preechaporn et al. 2006 , Delatte et al. 2008 , Richards et al. 2008 , Bartlett-Healy et al. 2012 . In southern California, cargo shipments of lucky bamboo (Dracaena spp.) packaged in standing water were attributed as the source of recent infestations of Ae. albopictus in that region (Linthicum et al. 2003) . But the species is now utilizing a variety of artificial containers, such as buckets, tires, and plant saucers, as larval habitats (K. Fujioka personal communication). In fact, in northeastern United States, Ae. albopictus are found significantly more often in medium volumes of water inside buckets, pans, and tires, and rarely in small volumes of water found in trash items such as discarded cups and cans ). The species is also absent from large volumes of water found in abandoned swimming pools and backyard ponds (Bartlett-Healy et al. 2012 . Although catch basins have also been implicated as larval development sites for Ae. albopictus in Italy and Japan (Kawada et al. 2010 , Carrieri et al. 2011 , these habitats are not utilized by this species in northeastern United States (Unlu et al. 2014a) . Instead, Ae. albopictus have been detected consistently in corrugated extension spouts attached to the lower opening of rain gutter downspouts (Unlu et al. 2014a) .
The variety and abundance of larval habitats, coupled with cryptic and hard-to-reach habitats such as corrugated extension spouts, requires a level of control that is not currently possible within most, if not all, mosquito control programs. The challenge is not simply centered on funding or personnel availability, but also the practicality and sustainability of any implemented management approach. Once the primary larval sources are defined, then the real challenge of source reduction, elimination, or treatment starts. This is particularly difficult with cryptic habitats such as corrugated extension spouts or electrical vaults, because they simply cannot be removed or modified and penetration of pesticides into that habitat may be extremely difficult, if not impossible, on an area-wide approach. Shifts in biological or ecological behaviors, such as habitat preference or skip oviposition, will further confound control efforts. However, the only true progress toward an integrated management approach should include detailed larval surveys to determine the key container types that serve as the critical sources for local mosquito populations.
Larval Control
Door-to-door Control Techniques and Source Reduction
Although source reduction has been stated to be the single most effective control technique against container-inhabiting Aedes species (Hawley 1988, Estrada-Franco and Craig 1995) , the method is hard to implement and sustain. Source reduction can be achieved through container removal (trash pickup or tire recycling programs) or tipand-toss techniques (over turn containers holding water) and is often combined with direct larvicide treatments. But source reduction campaigns have resulted in mixed outcomes. Some studies have shown that source reduction is labor-intensive, time-consuming, and costly (Zhou et al. 2009 , Rao 2010 , and might not be effective if it is not combined with other control methods (Wheeler et al. 2009 ). Researchers in central New Jersey suppressed Ae. albopictus populations (75% less adults compared with an untreated site) by combining source reduction efforts with ULV adulticiding. In China, daily source reduction in a recreational area resulted in 50% reduction in Ae. albopictus for 2 to 3 wk (Zhou et al. 2009 ). In Peru, however, by targeting the most productive containers, researchers only achieved 15% reduction of Ae. aegypti populations, as measured by a pupae-per-person index (Wong et al. 2012 ). Regardless of the success of the source reduction efforts, because many of the target containers (bird baths, corrugated extension spout (CES), plant pot saucers, etc.) are located within private residential parcels, access is a problem (Sun et al. 2014 ). If field crews can gain entry into the parcels, they have to abate or treat each container, and even when they are eliminated, new containers frequently appear (Bartlett-Healy et al. 2011b) . It is also difficult to motivate the field crews to conduct door-to-door source reduction efforts, mainly because of the observation of continual container replacement during each source reduction campaign. Another major drawback with this approach is the lack of motivation or buy-in from the general public to eliminate mosquito habitats in and around their own backyards (Bartlett- Healy et al. 2011b) . But the greatest obstacle with door-to-door or source reduction efforts is the high economic cost associated with this approach, both through labor and time (Sun et al. 2014) . Organized mosquito control programs simply do not possess the necessary number of personnel needed to survey and abate larval habitats of Ae. albopictus in peridomestic environments. The time and effort needed for this approach is simply too costly for sustainability by a single organization over a large geographic area .
Efficacy of source reduction efforts also needs to be further investigated in detail. Fonseca et al. (2013) have shown that Ae. albopictus prefers to deposit eggs in open containers, especially in the fall; however, they will also oviposit in containers with small openings if food levels are suitable. Similar behavior has also been demonstrated for Ae. aegypti (Strickman and Kittayapong 2003) . These results demonstrate the need to carefully examine the effect of source reduction, because by eliminating "visible" open containers, this may "push" Ae. albopictus females to oviposit in cryptic habitats ). Based on "bet-hedging," a theory that suggests that parents stagger offspring emergence into vulnerable lifehistory stages to avoid catastrophic reproductive failures, Ae. albopictus behavior may change to rapidly exploit new habitats (Venable 2007 , Khatchikian et al. 2009 ). In the event of this scenario, cryptic habitats will be more difficult to identify, access, and treat with larvicides (Unlu et al. 2014a ). However, Bartlett et al. (2011) have shown that some of these less favorable containers may not be able to support larval development to the adult stage (Bartlett- Healy et al. 2011a ). Further investigation is required to bridge the gap between Ae. albopictus oviposition behavior and ramifications of container removal, because source reduction efforts must be a vital part of sustainable Ae. albopictus control.
Direct Application of Larvicides and Pupicides
Direct applications of insecticides may be performed by hand or using motorized equipment (Nelder et al. 2010 , Ritchie et al. 2010 , Sun et al. 2014 , Achee et al. 2015 . Although affordable and effective larvicide and pupicide products are readily available to combat Stegomyia mosquitoes, this approach is also prone to the same hindrances posed by door-to-door approaches. The variety of larval habitats and their ubiquity in peridomestic environments, coupled with access issues and labor costs, limits the area-wide effectiveness of this method. However, if practical, this approach should be incorporated into an overall IMM approach, because many of the products available are extremely efficacious and may also provide a long-lasting residual effect. Because the larval habitats of Stegomyia species are containers that tend to hold small volumes of water with little to no outflow, most insecticides (given the lack of resistance) that infiltrate those habitats tend to exert maximum toxicity and persist for a longer period than if they were applied to open water habitats. The specific activities of each insecticide are beyond the scope of this review; however, the major classes may be divided into biopesticide or chemical products.
Biopesticide insecticides include: 1) microbial control agents such as Bacillus thuringiensis (Berliner) serovariety israelensis de Barjac (Bti), Bacillus sphaericus Neide (Bsph), and spinosads derived via fermentation from the soil actinomycete Saccharopolyspora spinosa Mertz and Yao; 2) insect growth regulators such as methoprene and pyriproxyfen; and 3) chitin synthesis inhibitors such as diflubenzuron and novaluron. Chemical insecticides include the organophosphate temephos, which disrupts the activity of cholinesterase enzymes and leads to paralysis or death, and oils or monomolecular films, which spread on the water surface to form a thin film that prevents gas exchange and leads to eventual suffocation of mosquito larvae. These insecticides are available in a variety of formulations, which include solid granules of various shapes and sizes, water-dispersible granules applied unaltered or in mixture, slow-release briquettes, water-soluble pouches, or pure liquid formulations. The availability of the various forms of insecticides is to provide a suitable formulation for the intended target habitat, such as a single bird bath, an ornamental pond, or a large collection of tires. A variety of field and laboratory experiments have proven the efficacy of biopesticide or chemical insecticides within container habitats; however, the efficacy of these products for sustained population suppression or disease impact has been controversial (Estrada-Franco and Craig 1995 , Reiter et al. 1997 , Bonizzoni et al. 2013 , Boyce et al. 2013 , Gubler et al. 2014 , Achee et al. 2015 , Baldacchino et al. 2015 . Nonetheless, in the absence of insecticide resistance, when biopesticide or chemical insecticides are applied to container habitats, they are extremely efficacious; however, the main obstacle remains with the logistic challenges in the delivery of these products into ubiquitous, recurring, and inaccessible container habitats.
Biological Control
Biological control methods utilize a variety of aquatic predators, parasites, or pathogens to target mosquito populations with the aim of suppressing populations while reducing the need for insecticide usage. Biological control agents used against Stegomyia species may include larger predators such as the mosquitofish Gambusia affinis (Baird and Girard) and Gambusia holbrooki Girard (Walton 2007) , insect predators such as predaceous mosquito larvae in the genus Toxorhynchites Theobald (Focks 2007) , predatory midge larvae in the families Corethrellidae and Chaoboridae (Mogi 2007) , and invertebrate predators such as cyclopoid copepods in the genus Macrocyclops Claus and Mesocyclops G. O. Sars (Kay et al. 2002, Marten and Reid 2007) . In addition, parasites and pathogens such as microsporidia (Andreadis 2007) , gregarines (Tseng 2007) , mermithid nematodes (Platzer 2007) , mosquito pathogenic viruses (Becnel and White 2007) , and entomopathogenic fungi (Darbro et al. 2012) have also shown promising control against container-inhabiting mosquitoes.
Although the use of biological control methods may be a great public relations tool that is generally well-received by communities, the delivery of these agents into container habitats remains the biggest obstacle for this approach. Furthermore, other biotic and abiotic factors, such as prey and predator density, host specificity, other food availability, water evaporation in small containers, temperature, and seasonality, must be taken into consideration for successful suppression campaigns. Because Stegomyia species generally prefer small containers with ephemeral sources of water, which may dry down completely, it is difficult to sustain populations of biological control agents that rely on stable environmental conditions. But in larger habitats, such as drinking water storage containers, the use of biological control agents, particularly copepods, may prove more beneficial (Marten and Reid 2007) . Once the logistic hurdle of delivery into container habitats is overcome, biological control agents may become a major component of IMM approaches against container-inhabiting mosquitoes.
Area-Wide Low-Volume Applications
Because the biggest hurdle prohibiting efficacy is the logistic challenges associated with delivery of a control agent into container habitats within private properties, many researchers have been investigating the use of area-wide LV larviciding approaches using technological advances in equipment and formulations to deliver insecticides into targeted habitats. Similar to aerosol ULV adulticiding, where the dispensed small droplets rely on light winds to aid in the spread of droplets, LV larviciding is also contingent on meteorological conditions to assist with insecticide delivery. However, the major difference between the two approaches is the size of the droplets produced with each method. For ULV adulticiding, a droplet size range of 5 to 25 mm has been determined to be the most efficient, because this size is most likely to stay adrift and impinge on an adult flying mosquito to deliver a toxic dose (Haile et al. 1982 , Bonds 2012 ). However, for LV larviciding, a larger droplet size (100 to 300 mm) is required because the intent with these applications is to create a droplet that is light enough to stay aloft temporarily, but heavy enough to ultimately settle into containers holding water where Ae. albopictus can be found . Using this approach, hundreds of residential parcels can be treated in a single nightly application, an action that can be repeated as needed, as opposed to intensive door-to-door campaigns that would take weeks to complete the same number of parcels .
Area-wide LV application of larvicides has primarily utilized liquid or emulsified larvicide formulations of Bti, such as VectoBac 12AS or VectoBac WDG (Valent BioSciences, Libertyville, IL) because of affordability, superior efficacy, nontarget impact, favorable environmental profile, lack of insecticide resistance, and ease of operational use (Seleena and Lee 1998 , Lee et al. 2008 , Lam et al. 2010 , Tan et al. 2012 , Jacups et al. 2013 ). However, although VectoBac 12AS has a much lower cost per acre (US$5.00) than that of VectoBac WDG (US$33.00), that product can cause persistent spotting on automotive paint and is therefore unsuitable for use in residential areas . VectoBac WDG also has a higher potency of 3,000 International Toxic Units (ITU) per mg of Bti (strain AM 65-52) than that of VectoBac 12AS (1,200 ITU/mg), making it a much more potent larvicide at lower concentrations ). The current pesticide label for VectoBac WDG allows for application rates of 50 to 400 g per acre (Valent BioSciences, Libertyville, IL).
Recently, Williams et al. (2014) have exhaustively explored the use of cold aerosol foggers and misting machines for operational area-wide applications of Bti to target Ae. albopictus in urban and suburban habitats of the northeastern United States. Although they also evaluated standard ULV cold aerosol sprayers, they found that most conventional ULV sprayers found in mosquito and vector control programs are unsuitable for Bti applications, because of insufficient flow rates needed for the application of this product . Instead, they found that an Ag-Mister LV-8 orchard sprayer with eight nozzles (Curtis Dyna-Fog, Westfield, IN) and a Buffalo Turbine CSM2 Mist Sprayer (Buffalo Turbine, Springville, NY) could deliver the increased flow rates and appropriate droplet sizes for LV peridomestic applications of Bti . They found that the Buffalo Turbine performed significantly better than the LV-8, because the latter is a passive machine relying on wind to carry the spray, whereas the former can generate its own wind (set at 177 km/h) and is less reliant on environmental conditions . They also reported that higher application rates (324 g/ac) consistently provided over 90% mortality for up to 6 weeks in sentinel bioassay cups hidden within the treatment sites; however, the excellent control within sentinel cups did not translate into a reduction of adult mosquito populations or human landing rates ). Nonetheless, this technology and accompanying bioassay standard operating procedures have been made available to other regions (http://asiantigermosquito.rutgers.edu/SOPsATM.html) and are currently being utilized in California to combat the onslaught of invasive Stegomyia species (K. Fujioka, personal communication). Other regions of the United States, principally in Florida, are also using area-wide larvicide applications of Bti to combat containerinhabiting mosquitoes. In particular, the Florida Keys Mosquito Control Program is utilizing aerial equipment to apply Bti in crucial areas where Stegomyia mosquitoes thrive and where risks of exotic arbovirus introduction are high (M. Doyle, personal communication). It should be noted that although these applications can be very efficacious, repeated and frequent applications are needed, further imposing an economic burden on mosquito control programs, which only recently are battling container-inhabiting Aedes because of geographic expansion or re-emergence.
Other larvicides have been utilized through area-wide LV applications against Stegomyia species. These primarily include the insect growth regulators such as methoprene and pyriproxyfen. Two liquid formulations of methoprene, Altosid SR-5 and Altosid SR-20 (Central Life Sciences, Schaumburg, IL), and one formulation of pyriproxyfen, NyGuard IGR Concentrate (MGK, Minneapolis, MN), have been evaluated in New Jersey against Ae. albopictus in suburban habitats ). Because of the lower application rates and flow rates needed for these formulations, conventional ULV sprayers may be used for area-wide campaigns (http://asiantigermosquito.rutgers.edu/SOPs/ATMmethoprene SOP.pdf), therefore providing an advantage to mosquito control programs, which already utilize this type of equipment. Although the cost per acre for IGR (US$6.00) may generally be much lower than the cost of Bti applications (US$33.00), conducting bioassays is much more difficult and time-consuming, because of the delayed effects of IGR and the need for prolonged monitoring to document inhibition of emergence to confirm the effectiveness of applications. Even so, operational trials in New Jersey within 300-acre suburban treatment plots have reported over 80% inhibition emergence of Ae. albopictus within bioassay cups . But similar to the area-wide LV larvicide applications using Bti, the efficacy in sentinel bioassay cups was not reflected in an overall decrease of adult population abundance for the remainder of the season . A major drawback of area-wide LV larvicide applications, besides cost, is that most operations are being conducted with readily available equipment and formulations initially intended for other uses. The development of specific insecticide formulations and purpose-built equipment developed for areawide LV applications could provide increased efficacy, easier operational use, and ultimately reduced cost. There is no doubt that technology and methods are quickly advancing to incorporate area-wide LV larvicide applications as part of a well-rounded IMM approach for the suppression of container-inhabiting Aedes; however, additional field investigations are needed to better determine target population impact. Future studies should concentrate on timing of area-wide LV applications to have maximum impact on field populations and not just for immediate reduction, but prolonged suppression.
Hot Spot Treatments
Conducting an area-wide source reduction or door-to-door campaigns within peridomestic environments is not practical. It is also common for certain habitats (junkyards, tire recycling sites, automotive repair shops, or a residential parcel hoarding various containers) to harbor large populations of Stegomyia mosquitoes because of the numerous container habitats available on that property (Ferwerda 2009 ). In suburban New Jersey habitats, often times just a few parcels may be responsible for producing large numbers of Ae. albopictus within just a 100-acre plot (Unlu et al. 2011 . These highly productive habitats may be referred to as "hot spots" because of their propensity for producing large numbers of container-inhabiting mosquitoes.
Hot spot treatments could be an efficient means of reducing mosquito populations through targeted source reduction and pesticide applications. This method may utilize ground larval surveillance, aerial photography, GIS modeling, and adult mosquito or ovitrap surveillance data to pinpoint hot spots within target communities. Because Stegomyia species are generally not strong fliers (150 m) and they do not disperse far from their larval habitat, buffer zones may be created around productive habitats and mosquito control personnel may then be deployed to those areas for increased abatement efforts. Concentration of control efforts on key container types and productive parcels may prove crucial for area-wide suppression ). In the urban habitats of central New Jersey, Unlu et al. (2015) developed a hot spot approach for Ae. albopictus suppression that utilizes adult surveillance traps to determine very focal locations of infestation. Once a hot spot has been identified, they exercise a series of intervention efforts that include limited container removal (tires), direct larvicide applications to containers, vegetation removal or trimming in abandoned lots, limited public education, and residual barrier spraying of an adulticide on vegetation and resting sites (Unlu et al. 2015) . Through this effort, they have found that both the use of chemicals (environmental stewardship and unnecessary exposure) and the amount of time spent on source reduction (economic and logistic efficiency) can be reduced, while making an impact on adult mosquito populations (Unlu et al. 2015) . Above all, they have found that by targeting hot spots, it is possible to achieve early-season (June to July) area-wide control, which is a crucial period of vulnerability before Ae. albopictus populations expand within specific locations (Unlu et al. 2015) . This approach also has reduced the time and effort needed for door-to-door campaigns in large areas and helped to ease the pressure on mosquito control inspectors. In addition, during public health emergencies in response to exotic arboviral disease cases, areas with human cases will be responded to immediately. Instead of valuable time and resources spent on area-wide door-to-door efforts, inspections and treatments can be performed in the target areas as a hot spot around the human cases to reduce adult mosquito populations without overwhelming mosquito control inspectors and public health stewards. Thus, this approach may be used as an effective tool in an IMM program.
Autodissemination Stations
Autodissemination is a novel push-pull strategy that is only recently being exploited for use against container-inhabiting mosquitoes, primarily because of the availability of the IGR pyriproxyfen. This juvenile hormone mimic is classified as a reduced-risk pesticide that can be safely added to drinking water for mosquito control at a concentration of 0.01 ppm, but has an extremely low lethal concentration (LC 50 ¼ 0.012 ppb; WHO 2009). The autodissemination approach has been tested successfully against different insects previously, including mosquitoes (Itoh et al. 1994 , Furlong et al. 1995 , Dell Chism and Apperson 2003 , Baxter et al. 2008 , Caputo et al. 2012 . In summary, autodissemination is a pest management method in which insects contaminated with an insecticide transfer lethal concentrations horizontally or vertically to other insects via mating, oviposition, aggregation, or other behaviors (Itoh et al. 1994 , Dell Chism and Apperson 2003 , Geden and Devine 2012 , Mains et al. 2015 . The success of autodissemination stations depends on three criteria: 1) attraction of mosquitoes to the stations, 2) transfer of chemicals to the mosquitoes, and 3) dissemination of chemicals to target habitats .
Autodissemination using mosquitoes was first demonstrated in laboratory trials by Itoh (1994) and subsequently confirmed by Dell Chism and Apperson (2003) . Field experiments by Devine et al. (2009) in Peru demonstrated that gravid Ae. aegypti contaminated with pyriproxyfen transferred lethal concentrations to larval habitats, exhibiting 42-98% inhibition of adult emergence. The experiments by Devine et al. (2009) provided proof of principle and led to additional research that has concentrated on autodissemination for the control of container-inhabiting mosquitoes. Caputo et al. (2012) have also achieved considerable dissemination of pyriproxyfen from a station coated with powdered granules under field conditions, proving that a high coverage of larval habitats may be achieved by only using a minute amount of the active ingredient. In addition, Suman et al. (2014) have detected autodissemination of pyriproxyfen at least 200 m from treated sites by Ae. albopictus in urban habitats of New Jersey. Although their autodissemination efficacy varied by year and was affected by such factors as treatment method, coverage area, and rainfall, they nonetheless showed that treating a small area with a commercial pyriproxyfen formulation resulted in autodissemination of that product over a much larger area .
Another component of the autodissemination approach has been the exploitation of male mosquitoes to subsequently assist in the transfer of pyriproxyfen either directly to larval habitats or indirectly through sexual contact to females during mating. Sexual transmission of pyriproxyfen from contaminated males to virgin females has been recorded in the laboratory ). However, studies by Mains et al. (2015) attempted to exploit male mosquito behavior through autocidal and autodissemination methods by releasing laboratory-reared male mosquitoes that were contaminated by pyriproxyfen. This approach has been labeled as "Auto-Dissemination Augmented by Males" (ADAM), and field trials using this method have shown that pyriproxyfen-treated males were able to introduce lethal doses of the insecticide to oviposition sites, both in the presence and absence of native female mosquitoes (Mains et al. 2015) . The big advantage that this approach provides is that male mosquitoes are extremely proficient at finding females, and female mosquitoes (and males) are extremely adept at finding cryptic larval habitats that mosquito inspectors may fail to detect. In addition, the ADAM method is not dependent on the indigenous populations being targeted, but could rather be deployed in the spring prior to the buildup of native populations. The ADAM approach is currently being tested against newly detected populations of Ae. aegypti in the Central Valley of California (S. Dobson, personal communication) , with the hope that it could be successfully incorporated into existing IMM approaches.
Public Education
Public health education aimed at container-inhabiting mosquitoes may comprise methods that the public can use to reduce larval habitats on private properties, or utilize personal protection measures (repellents, clothing, or behavior modifications) to prevent from mosquito bites. As the scope of this review is in regards to abatement measures, personal protection methods will not be discussed further.
Because Ae. aegypti and Ae. albopictus thrive in peridomestic habitats and are closely associated with humans and the artificial containers that they provide these species as larval habitats, public education and assistance should be a component of IMM approaches for successful reduction of mosquito populations. The larval containers in backyards are particularly problematic for mosquito control programs not only because of access issues and quantity, but also because of their reoccurrence over and over at the same residence. The elimination or reduction of these habitats requires public knowledge and engagement in order for control efforts to be successful. Without the public's involvement in managing standing water in these containers routinely, these habitats will continue to serve as larval developmental sites. Therefore, public education campaigns may have rewarding outcomes for vector control and public health in certain communities, but community participation and program "ownership" are the most difficult elements to achieve.
Passive means of education, either through distribution of educational material or other unreceptive forms of media, are not generally effective for engaging the public to reduce mosquito container habitats (Bartlett- Healy et al. 2011b) . In a passive education study conducted in central New Jersey to reduce populations of Ae. albopictus, it was determined that passive education efforts had a limited effect on field mosquito populations and that there was no significant reduction in the numbers of containers within education sites and control sites not receiving education (Bartlett-Healy et al. 2011b ). The authors attributed these findings to the education levels of the intended target audiences, which was generally at or below high school level, and retrospectively determined that providing just reading materials was not the most suitable strategy (Bartlett- Healy et al. 2011b) .
Conversely, active education campaigns tended to achieve better results when compared with passive methods, mainly because they involved community leaders, peers, and/or local government agencies in an attempt to help the community become self-reliant. However, for community participation programs to be effective, they must clearly define the participation roles of the public and community leaders. Previous studies in Indonesia (Soedarmo 1994) and Thailand (Phanthumachinda et al. 1985) have shown that community members that were responsible for educating and engaging additional residents were successful in significantly reducing larval indices after initiation of active education efforts. A study in Texas found that high school students were extremely successful in teaching members of the community about public health issues (Warner et al. 2005) . A more recent study in New Jersey targeting urban and suburban habitats found that utilizing an active community organization (AmeriCorps) for public health education, container removal, tire recycling, gutter cleaning and appropriate drainage, trash can drilling, rain barrel covering, or container elimination demonstrations, and other assistance was much more successful than previously utilized passive means in the same habitats . The authors demonstrated a significant reduction in container habitats in the sites where AmeriCorps volunteers actively engaged community members compared with untreated control areas, both in urban and suburban habitats ). These results suggest that although passive education materials may be appropriate for a small proportion of community members, active education campaigns are much more effective on a large community-wide scale. Mosquito control programs and public health practitioners must design and implement novel and innovative means to reach target audiences as part of a changing IMM approach for containerinhabiting mosquitoes. These means vary between each program, city, habitat, and region; however, the fact remains that the public must be engaged, because mosquito control requires participation by everyone, and community ownership will be crucial during arboviral disease epidemics.
Adult Control
Adult Surveillance and Traps
Historically, the surveillance of container-inhabiting Aedes species has been heavily dependent on immature stages, using entomological indices such as the Breteau Index, House Index, and Pupal Index (Jatanasen 1967 , Harris et al. 2000 , Gubler 2002 . But except for pupal surveys and calculation of entomological indexes based on key containers, immature container indices have failed to correlate well with adult populations (Focks and Chadee 1997, Unlu et al. 2013) . Only recently has the surveillance of Stegomyia mosquitoes shifted to adult sampling methods, following the commercial availability of the Biogents Sentinel (BGS) traps (Biogents AG, Regensburg, Germany; Meeraus et al. 2008 , Unlu et al. 2014b .
Adult surveillance of Ae. albopictus has been problematic because standard surveillance equipments such as the New Jersey light trap are inefficient for this diurnal species. Traps using light as the sole attractive component are considered ineffective for Ae. albopictus because they target crepuscular or nocturnal mosquito species attracted to emitted light sources (Silver 2007) , whereas Ae. albopictus is primarily a diurnal host-seeking mosquito (Hawley 1988, Estrada-Franco and Craig 1995) . In addition, light traps are usually deployed 1.5 m above the ground, and therefore do not target Ae. albopictus that typically host-seek near the ground surface (Estrada-Franco and Craig 1995) . The low efficacy of existing surveillance methods for Ae. albopictus has likely led to underestimations of population sizes and difficulty in assessing control methods.
The BGS trap was initially designed to collect and monitor populations of Ae. aegypti, but it has quickly become the gold standard for monitoring adult populations of Ae. albopictus (Krockel et al. 2006 , Farajollahi et al. 2009 , Crepeau et al. 2013a ). Studies conducted in suburban Virginia investigated the efficacy of the BGS trap for collecting Ae. albopictus; the BGS collected more Ae. albopictus than Centers for Disease Control and Prevention (CDC) carbon dioxide-baited traps and other similar mosquito traps (Meeraus et al. 2008) . Studies in Florida (Hoel et al. 2009 , Obenauer et al. 2010 and New Jersey (Farajollahi et al. 2009; Unlu and Farajollahi 2012; Crepeau et al. 2013a,b) have also documented the efficiency and utility of the BGS trap for Ae. albopictus adult surveillance and proven the trap as superior when compared with human landing counts or other host-seeking and gravid traps. The BGS trap has also proved effective for the detection of new infestations of Ae. albopictus in the Torres Strait, Australia (Ritchie et al. 2006) . In addition to collecting female Ae. albopictus, the BGS trap is also efficient at capturing males, which could prove advantageous for surveillance monitoring of control methods that rely on the release of insecticide-carrying or genetically modified or sterile males (Lacroix et al. 2009 , Unlu et al. 2014a ). In any regards, the surveillance measures afforded by the BGS trap for Ae. albopictus provide a direct assessment of adult abundance, but more importantly allows evaluation of the efficacy of intervention methods (Tan et al. 2011 , Unlu et al. 2014a .
Because adult surveillance of Stegomyia species is still relatively new, an impending question that remains is whether this technology could be utilized for management or "trapping out" of invasive mosquito species. Previous studies using the Mosquito Magnet trap (American Biophysics Corporation, North Kingston, RI) against the black salt marsh mosquito Aedes taeniorhynchus (Wiedemann) provided mixed results. Strategically placed Mosquito Magnets along a nature trail on an isolated island in the Gulf of Mexico led to a significant reduction in annoyance caused by Ae. taeniorhynchus, but the same experimental design did not result in the same level of mosquito reduction in a residential area in Gainesville, Florida (Kline 2006) . However, in British Columbia, Canada, Mosquito Magnets successfully reduced the abundance of Aedes sticticus (Meigen) and Aedes vexans (Meigen) by over 30%, thus relieving the biting pressure by these species on the public (Jackson et al. 2012) . Although the previous examples are primarily for floodwater and salt marsh mosquitoes, another good example on the utility of traps for reducing biting pressure locally can be found in Salt Lake City, Utah, where the western tree hole mosquito, Aedes sierrensis (Ludlow), is a very aggressive nuisance mosquito found in residential backyards. This species does not utilize artificial containers in that area, but instead prefers tree holes that are often hard to detect by control personnel. In addition, because the species primarily undergoes one or two generations a season and does not fly far from its larval developmental sites, removing biting adult mosquitoes through trapping is a viable control option (Kline 2007) . In fact, when homeowners were contacted following trap placements, they responded that the traps were helpful and that the mosquitoes were under control (Kline 2007) .
Because Ae. aegypti and Ae. albopictus also do not fly far from their larval developmental sites, new traps and advances in semiochemical attractants, such as the human-scented BG Lure (Biogents AG, Regensburg, Germany), should be further investigated. Indeed, within intervention sites in Italy that utilized only BGS traps baited with the BG Lure as a control tool, human biting rates were reduced in comparison with a nonintervention site (Englbrecht et al. 2015) . However, cost and labor may be an issue because of trap density requirements, ranging from one BGS trap per 150 m 2 to 350 m 2 (Englbrecht et al. 2015) . In Brazil, large sampling efforts utilizing the BGS trap against Ae. aegypti have also shown a reduction in population abundance (Degener et al. 2014 ). In addition, recent studies in the United States utilizing Mosquito Magnets, coupled with human-scented and octenol lures, have shown that these traps may even outperform BGS traps for capturing Ae. albopictus (Rochlin et al. 2015) . At least in Suffolk County, New York, Mosquito Magnets collected nearly six times more Ae. albopictus than BGS traps, and the authors have recommended their use for long-term surveillance or when large numbers of specimens are needed for arbovirus detection, such as sites with suspected exotic arbovirus transmission (Rochlin et al. 2015) . There is no doubt that the BGS trap is a very effective tool for Ae. albopictus surveillance, but the recent findings with Mosquito Magnets are also promising. With the development of increasingly effective traps and improvements in effective olfactory and visual attractants, trapping systems could be used routinely not only as surveillance but also as control tools in the near future. But for successful control campaigns using adult traps, the density of traps needed and the cost and labor associated with those demands still need to be perfected prior to incorporation in selected IMM approaches against container-inhabiting mosquitoes.
Ovitraps for Surveillance and Control
An ovitrap or oviposition cup is any small container that holds water and provides a substrate onto which gravid mosquitoes may oviposit (Fay and Eliason 1966) . Ovitraps exploit the predisposition of container-inhabiting Aedes to oviposit in artificial containers by providing a suitable water-holding container, often mixed with nutrient-rich plant infusions (Reiter et al. 1991 , Trexler et al. 1998 ). These devices have been popular for conducting surveillance for invasive Ae. aegypti and Ae. albopictus for several decades, because of their simple design, low cost, lack of electric needs, and passive labor requirements (Bellini et al. 1996 , Abramides et al. 2011 , Carrieri et al. 2011 , Norzahira et al. 2011 , Achee et al. 2015 , Suter et al. 2016 ). However, because other native species of Aedes will also oviposit in these containers (Farajollahi and Price 2013) , it is necessary to hatch and rear the eggs for accurate identification or use molecular methods to determine the species present. Another impediment of ovitraps is that if the device remains in the field for more than a week to 10 d without maintenance, it may become a potential larval development site, further contributing to local mosquito infestations. In addition, although ovitraps have been indicated to serve as a sensitive tool for detecting the presence of container-inhabiting Aedes and assessing adult population dynamics (Baldacchino et al. 2015) , in reality this is a much harder task to accomplish ). This is because adult female counts can only be inferred from egg numbers, and as invasive Stegomyia species exhibit skip-oviposition, correlations between ovitrap data and adult abundance have not been precise ). In fact, in northeastern United States, BGS traps were proven to be more sensitive than ovitraps to the presence of low numbers of Ae. albopictus . In summary, ovitraps may serve as an inexpensive surveillance tool for the detection of invasive Aedes in new areas, but may have limitations for sensitivity of detection as well as determining abundance, especially when competing oviposition sites are abundant.
Another recent variation of the classic ovitrap has been the newly designed lethal or autocidal ovitraps, which combine oviposition stimulants with insecticides or mechanical means of ensuring that the trap does not serve as a productive larval habitat if left unattended in the field. Some of these devices utilize egg-laying strips impregnated or treated with an insecticide; sticky ovitraps that include adhesive surfaces that capture mosquitoes and/or prohibit them from flying away; and other autocidal ovitraps that treat larger surfaces of the device with an insecticide to increase kill rates of visiting mosquitoes (Perich et al. 2003 , Ritchie et al. 2003 , Facchinelli et al. 2007 , Williams et al. 2007 , Regis et al. 2008 , Mackay et al. 2013 , Barrera et al. 2014 . Although the sensitivity and efficacy of lethal ovitraps are also determined by their density in the field, some studies have suggested that they are effective in reducing field populations of container-inhabiting Aedes (Perich et al. 2003 , Zeichner and Debboun 2011 , Barrera et al. 2014 . Perhaps the greatest support for the use of lethal ovitraps has been trials against field populations of Ae. aegypti in Australia and Puerto Rico, where significant reductions in population abundance have been recorded following local implementation of these tools , Barrera et al. 2014 . Nonetheless, large-scale efficacy data for lethal ovitraps, alone or in combination with other abatement measures, are needed to fully gauge the value of these tools in an IMM program. The next phase of development and testing should concentrate on such topics as eventual biodegradability of these containers under field conditions, improved attractiveness of oviposition stimulants and visual signals, types and amounts of insecticides needed, and density of ovitraps needed for adequate area-wide suppression of mosquito populations, and efficacy in disease outbreak intervention.
Attractive-Toxic Sugar Baits
Both sexes of adult mosquitoes require carbohydrate sources for survival, which they acquire primarily from nectar sources of flowering plants or ripe-rotting fruit (Joseph 1970 , Yuval 1992 , Foster 1995 , Clements 2000 . The sugar feeding behavior of mosquitoes and their attraction to sugar sources may be manipulated as a potential control option widely known as the attractivetoxic sugar bait (ATSB) method (Mü ller and Schlein 2006 , Mü ller et al. 2010a , Marshall et al. 2013 ). The ATSB approach may utilize a liquid or gel sugar source mixed with an oral insecticide either within an actual station, or the solution may be sprayed onto vegetation and other surfaces where there is a greater likelihood of contact between the target pest and the product , Mü ller et al. 2010a , Fulcher et al. 2014 . Although the primary oral toxin utilized within the ATSB approach has been boric acid, eugenol, or garlic oil, other insecticides such as dinotefuran, pyriproxyfen, and spinosad have also been used , Khallaayoune et al. 2013 , Marshall et al. 2013 , Naranjo et al. 2013 , Fulcher et al. 2014 .
Although the initial promising field studies exploiting ATSB technology were primarily conducted against Anopheles species in desert environments where competing sugar sources may be rare Schlein 2006, Mü ller et al. 2008) , follow-up studies have exploited their use in a variety of environments and locations , Mü ller et al. 2010a ,b, Qualls et al. 2012 , Naranjo et al. 2013 , Fulcher et al. 2014 . Nearly all of these studies have shown a reduction in target pest species after application of ATSB. In particular, when an ATSB solution was sprayed onto 10-15% of the surrounding vegetation near a sewage treatment pond, more than a 16-fold decrease was observed in Culex pipiens L. adult numbers (Mü ller et al. 2010a ). In addition, when targeting Ae. albopictus populations in subtropical habitats of Florida, Naranjo et al. (2013) found that a field application of a boric acid-based ATSB significantly decreased adult populations up to 21 d post treatment, and reduced oviposition behavior in ovitraps by up to 14 d. Further studies in similar habitats have shown that foliar spray applications may achieve a higher percent of reduction (85%) versus bait stations (24%) when targeting Ae. albopictus . The researchers also found that when the ATSB was sprayed onto flowering vegetation, nearly 6% of nontarget insects had digested the material, but if the ATSB was applied to nonflowering vegetation or presented in a bait station, only 0.6% of the nontarget insects had been exposed to the solution ). These findings are encouraging, because of the increasing concern over pollinator protection and environmental stewardship of mosquito control programs. The other major concern over the utility of ATSB technology in peridomestic environments to target invasive Aedes species has been the large amount of other carbohydrate sources available in these areas. These include lawn and garden ornamental plants, unused fruit in residential backyards, and the excessive amount of garbage in urban habitats, which will all provide adequate sugar sources and thus compete with ATSB. However, the encouraging findings in Florida against Ae. albopictus are starting to dissuade some of these concerns , Qualls et al. 2012 , Naranjo et al. 2013 . In any regards, many more evaluations from a much larger geographic area and habitats are needed to measure the effectiveness of ATSB technology within IMM programs.
Barrier-Residual Adulticide Treatments
The most effective means of reducing arboviral transmission risk to humans is through the reduction of biting populations of mosquitoes by implementing efficacious adulticide applications (CDC 2013) . Although adulticide applications are primarily applied as ULV aerosol sprays by truck-mounted ground or aerial aircraft, some applications may also be conducted via LV or even at high volume using hand-held equipment (Bonds 2012) . Barrier, or residual spraying of adulticides, against container-inhabiting mosquitoes is generally conducted by hand-held equipment such as backpack or spray tanks, in focal areas of peridomestic habitats (Trout et al. 2007 , Cilek 2008 . These applications are primarily conducted with synthetic pyrethroids and applied to vegetation, unmovable large containers, external walls of homes and sheds, and fences in residential backyards (Trout et al. 2007) . Although this method of application may be effective against the targeted pests, they are still prone to the labor and time issues highlighted in the door-to-door section above.
Previous studies have shown that barrier spraying of residual adulticides may indeed reduce biting populations of mosquitoes in urban habitats. In residential areas of Kentucky, Ae. albopictus populations were not only reduced by over 85% in treatment sites when two pyrethroid formulations were utilized, but the residual efficacy of the products maintained a reduction of adult populations for up to one month (Trout et al. 2007 ). In addition, in northwestern Florida, pyrethroid-treated vegetation suppressed mosquito populations below annoyance levels within the treatment site for over a month (Cilek 2008) . In Spain, pyrethroid applications to vegetation within public parks were shown to be effective in reducing Ae. albopictus, although because multiple intervention efforts were utilized, it is difficult to determine the specific efficacy of the residual applications alone (Abramides et al. 2011) . LV applications of adulticides to catch basins in Italy have shown a significant reduction in adult abundance of Ae. albopictus; however, this method was combined with larvicides and mechanical traps . A pyrethroid application as a barrier spray to vegetation surrounding human dwellings in China reduced Ae. albopictus by up to 98% when compared with an untreated control area (Li et al. 2010) . Conversely, barrier applications using deltamethrin against Ae. albopictus in suburban and urban habitats of central New Jersey have not been effective in significant reduction of adult populations ). The authors have contributed these findings to various factors, such as high Ae. albopictus population densities, overwhelming and recurring amounts of artificial larval habitats, and a large variety and inaccessibility of resting sites that were exempt from adulticide applications. It is clear that the ecological and environmental variability throughout the invasive range of Ae. albopictus must be considered for residual applications to be effective.
Another factor to consider when using residual adulticide applications is the susceptibility of local populations to the insecticides used. Although populations of Ae. albopictus in central New Jersey were shown to be susceptible to the residual adulticides used (Marcombe et al. 2014) , insecticide resistance may have hampered intervention results in other areas when targeting containerinhabiting mosquitoes (Dusfour et al. 2011 , Marcombe et al. 2011 ). In addition, Ae. aegypti exhibits greater endophilic behavior than Ae. albopictus, which is primarily exophilic, hence indoor residual spraying may not be as effective against the latter species (Chadee 1990, Estrada-Franco and Craig 1995) . Hence, barrier or residual applications against Ae. albopictus should concentrate on focal areas that support large larval populations or selected resting sites for peridomestic adult mosquitoes. If access and labor-time issues are of primary concern, larger residual applications may be conducted in public areas such as parks, gardens, or golf courses, where human activity may be high and sufficient vegetation and humidity provide adequate resting sites for adult mosquitoes. Given the previous success of residual sprays in certain areas, the possibility exists that this method may play a vital role within an IMM approach for the reduction of container-inhabiting mosquitoes.
Hand-Held and Area-wide Ultra-Low-Volume Adulticide Applications
Chemical control, particularly adulticides applied as ULV cold aerosol or thermal space sprays, remains as the only effective means of reducing transmission risk to humans during arboviral disease epidemics or relieving biting pressure when vector population densities are high (CDC 2013). Although hand-held adulticide applications are hindered by the same issues as door-to-door control measures, they may prove crucial when dealing with an index case. Consequently, area-wide ULV insecticide sprays may be the most effective method to protect urban areas from Ae. albopictus .
The aim of an area-wide ULV application is to deliver the most efficacious droplet size using the least amount of insecticide that will control the target mosquitoes (Mount 1998 , Bonds 2012 . Droplet size and distribution are two of the most important factors affecting the success of an ULV application (Bonds 2012) . A droplet size range of 5 to 25 mm is most efficient, because this size is most likely to stay adrift and impinge on a mosquito and deliver a toxic dose (Haile et al. 1982 ). In addition, ULV adulticide applications are conducted in the evening or early morning when a thermal inversion has occurred to keep the insecticide from dispersing upwards and light winds are present to aide in droplet carry.
ULV applications have often been ineffective in controlling diurnally active urban mosquitoes, such as Ae. aegypti and Ae. albopictus. Previous researchers have hypothesized that this lack of control may be a result of structural obstacles and protective resting behavior, allowing gravid or engorged females to remain sequestered during nighttime ULV applications in habitats that are sheltered from the insecticide plume (Focks et al. 1987 , Perich et al. 1990 , Reiter et al. 1997 , Gubler 1998 , Reiter 2007 , Faraji et al. 2016 . The ineffectiveness of nighttime ULV applications against diurnal mosquitoes has become the conventional wisdom within the modern vector control community in the United States and many mosquito control programs simply do not attempt to use adulticide against invasive Aedes species. However, new research is providing evidence that nighttime adulticide applications may indeed be effective in reducing adult mosquito populations (C. Lesser and M. Doyle, personal communication). Field research has consistently shown upwards of 90% reduction of Ae. aegypti adult populations using malathion applied by aerial equipment under favorable climatological conditions in Manatee County, Florida. In addition, in urban habitats of northeastern United States, Ae. albopictus adult populations were reduced by an average of 73% following a single nighttime ULV application by truck-mounted ground equipment, while populations were reduced by 85% following dual applications spaced 1 or 2 days apart , Faraji et al. 2016 ). In addition, growing evidence is suggesting that although Ae. albopictus is primarily diurnal, the species may also be active during nocturnal periods (J. McNelly, personal communication), particularly acting as an ambush biter in response to host cues (Yee and Foster 1992, Higa et al. 2000) . These results suggest that if Ae. albopictus is more active during nocturnal periods than previously thought, then even though adulticide results are generally transient, lasting only several days to 1 wk, the reduction of parous females, which are mostly likely to be infected during an arboviral epidemic, makes ULV adulticiding a very important component of a comprehensive intervention program. It is also important to continue monitoring mosquito populations for insecticide resistance, to ensure that the adulticides being used remain efficacious.
Genetic Control Methods
Although the biopesticide and chemical insecticides mentioned above remain the primary tools used against container-inhabiting Aedes, ongoing concerns are arising regarding their safety, cost, public perception, efficacy, and other environmental impacts. Alternative control methods, particularly in the field of genetic control strategies, are attracting immense interest. These methods can potentially provide new and species-specific control strategies through the introduction of a heritable trait into the target population for area-wide suppression (Alphey 2014) . Because a variety of complex genetic control methods are currently being developed, a comprehensive review of these systems is beyond the scope of this review; hence, focus will be placed on the three most widely used and developed systems. These include the sterile insect technique (SIT), a variation of SIT called the release of insects carrying a dominant lethal (RIDL), and Wolbachia-induced cytoplasmic incompatibility (CI).
The SIT dates back to over 50 yr when the American entomologist Edward Knipling first realized that the fertility of female insects could be manipulated through mating with sterile males (Knipling 1955) . These males were exposed to irradiation or harsh chemicals in the laboratory, leading to mutations that caused sterility, prior to their release and potential mating with wild females. However, this method is prone to logistic issues (mass production, separation of males from females prior to release) and often reduced fitness of released males (Dame et al. 2009 , Alphey et al. 2013 . Although this technique has been used successfully against several agricultural and veterinary pests, most notably the New World screwworm fly (Klassen and Curtis 2005) , field trials against mosquitoes have been met with varying degrees of success (Lowe et al. 1980 , Benedict and Robinson 2003 , Alphey 2014 . The best results against mosquitoes have been achieved in isolated island situations, where immigration was not a confounding factor (Patterson et al. 1970 ). In addition, preliminary trials in Italy have shown that a weekly release of 900 to 1,600 sterilized males per hectare induced a significant sterility level in local populations of Ae. albopictus within the treatment site (Bellini et al. 2013 ). In addition, simulation modeling has suggested that the SIT would be both effective and economical when combating container-inhabiting Aedes mosquitoes , Oliva et al. 2012 .
The SIT technique can be further enhanced by incorporating RIDL, which utilizes male mosquitoes to carry and transfer femaleacting transgenes into wild populations (Thomas et al. 2000) . A dominant lethal transgene may be inserted and its expression repressed to select the time of death of the offspring, providing much more flexibility with control options and reduced fitness pressures on released males (Alphey 2014) . The RIDL technique may also be further enhanced by a female-killing system (fsRIDL), where offspring of released males homozygous for a female-specific lethal would inherit a copy of the female-killing gene to cause mortality in their daughters (Alphey 2014) . Although regulatory issues and public perception have so far barred the use of RIDL control techniques in the United States, some studies have been conducted in the Cayman Islands and South America against Stegomyia species (Harris et al. 2011 , Morrison and Alphey 2012 . In particular, 80% suppression of Ae. aegypti populations was achieved in the Cayman Islands (Harris et al. 2012) , whereas studies in Brazil reduced field populations of Ae. aegypti by 95%, based on adult trap data . Future field studies, principally against Ae. albopictus, will provide crucial data to evaluate the efficacy of the RIDL technique under different geographic and climatological conditions.
Another control measure exploits a diverse group of intracellular organisms known as Wolbachia (Calvitti et al. 2012 , Zug and Hammerstein 2012 , McGraw and O'Neill 2013 , Lambrechts et al. 2015 . Wolbachia are maternally transmitted bacteria, which cause a phenotype known as cytoplasmic incompatibility (CI) in mosquitoes. In its simplest form, this type of sterility causes sperm from a Wolbachia-infected male to be incompatible with eggs from uninfected females or those who are infected with a different Wolbachia type, leading to reduced or absent egg hatches (Dobson 2004) . Two classic patterns of CI have been described for mosquitoes: unidirectional and bidirectional (Sinkins 2004) . Unidirectional crosses may occur between uninfected females and infected males, whereas bidirectional crosses occur between individuals infected with different strains of Wolbachia (Dobson 2004) . In addition to host reproduction, Wolbachia infections are also being exploited to reduce vector competency of mosquitoes for pathogens or to replace natural populations with less-efficient Wolbachia-infected vectors (Kambris et al. 2009 , Moreira et al. 2009 , Hoffmann et al. 2011 , Walker et al. 2011 . Although most Wolbachia-related studies have been conducted in the laboratory or under semi-field conditions, some have targeted field populations of Aedes mosquitoes.
In the South Pacific Islands, Wolbachia-infected Aedes polynesiensis Marks mosquitoes are being utilized to suppress wild populations of this mosquito, which is a major vector for lymphatic filariasis in that region (Chambers et al. 2011 , O'Connor et al. 2012 . In addition, several strains of Wolbachia (wRi, wMelPop, wPip, wMel) have been successfully microinjected into Ae. albopictus, paving the way for bidirectional CI control measures within field populations (Dobson et al. 2001; Xi et al. 2006; Blagrove et al. 2012 Blagrove et al. , 2013 Calvitti et al. 2012) . And more importantly, Wolbachia infections with wMelPop have been shown to successfully reduce the life span of adult Ae. aegypti, thus limiting their vectorial potential because they may not live long enough to successfully transmit arboviruses such as DENV (McMeniman et al. 2009 ). In addition, this same strain of Wolbachia can reduce the infection and replication rates of dengue virus within Ae. aegypti, further contributing to public health protection through reduction of transmission risk (Moreira et al. 2009 , Walker et al. 2011 . Although most of the trials with Ae. aegypti have been conducted under semi-field studies in Australia, a growing number are being investigated under actual field conditions (Lambrechts et al. 2015 , Nguyen et al. 2015 . These growing results show that Wolbachia may be persistently established in wild populations and that successful suppression results may not be too far behind (Hoffmann et al. 2011) . The application of Wolbachia-infected mosquitoes is only recently being used as a viable mosquito control strategy, but given the vast array of developmental pressures it exerts on hosts, this method may be enormously beneficial in the battle against container-inhabiting Aedes. However, much like other genetic control measures that are still in their infancy and subject to cost and community acceptance, conclusive large-scale field data are sorely needed prior to their routing establishment within integrated mosquito suppression programs.
Future Directions
Because of their extensive distribution, ubiquity within peridomestic environments, and involvement in public health and quality of life, Stegomyia species will continue to pose a serious burden to humans throughout their established and expanding ranges. Unlike the larval habitats of salt marsh and floodwater mosquitoes, which are easily delineated and may be controlled by using a few control tools, the habitats of Stegomyia species are ubiquitous and diffusely distributed in urban areas, and require a large variety of vector control tools for suppression. However, given the limited efficacy of current tools available to combat container-inhabiting species such as Ae. aegypti and Ae. albopictus, it is apparent that no control measure by itself will be effective against these species. There is no "magic bullet" when it comes to Stegomyia control, and suppression efforts must truly be integrated to have a chance for area-wide population reduction of these species.
Existing control strategies have their limitations, because of the few tools available, personnel labor and resource limitations, economic restraints, community buy-in, regulatory restrictions, areawide effectiveness, and insecticide resistance. In the United States, the expanding ranges of Ae. aegypti and Ae. albopictus are continuing to present serious challenges to the local public health agencies, particularly in areas with weak or nonexistent mosquito abatement infrastructure. The large and growing populations of Stegomyia species in major metropolitan and suburban centers make an autochthonous outbreak of an arbovirus such as DENV, CHIKV, and now ZIKV a clear and present danger. Because these species are predicted to continue their range expansion due to warming winter temperatures and increasing globalization, improved control strategies must be developed to prevent infestations and protect public health.
Fortunately, a variety of mosquito abatement tools are being developed or are within the first phases of implementation, which provide a glimmer of hope to vector control officials tasked with the protection of public health and comfort. These tools range from community involvement and inter-agency collaborations, to development of economically sound but efficacious lethal ovitraps, and to new formulations and methods aimed at novel control techniques that will be necessary on an increasing scale in the very near future. A summary of these tools and methods is provided below and in Fig. 1 .
Lethal Traps and Autodissemination Stations
The area-wide efficacy of lethal ovitraps, sticky traps, autodissemination stations, or even host-seeking traps must be evaluated to determine their true potential in population reduction. Although hostseeking traps, such as the BGS or the Mosquito Magnet, are currently too expensive to be deployed at high density over large areas for control efforts, their value in focal population reduction, particularly in response to an index case of an exotic arbovirus, must not be undervalued. The future development of host-seeking traps should concentrate on inexpensive traps that may be combined with efficient lures to attract and capture Stegomyia species. In addition, the various forms of lethal ovitraps, sticky traps, and autodissemination stations (including ADAM) must also be evaluated under field conditions in large-scale trials. However, the advantage of these traps is that they are inexpensive to produce, require little maintenance in the field, are not intrusive for residents, may be biodegradable, and could be used as surveillance tools by public health stewards. The commercial availability of some of these traps, such as the In2Care Mosquito Trap (In2Care, Wageningen, The Netherlands) and the Trap-N-Kill Mosquito Trap (SpringStar Inc., Woodinville, Washington), may also safely engage the general public through larger community efforts within their own residential properties. Furthermore, autodissemination stations exploit not only the ability of female mosquitoes to find cryptic larval habitats that are mostly hidden or inaccessible to vector control personnel, but also the ability of male mosquitoes to find females and transfer an insecticide during mating. Advances in formulations, such as with pyriproxyfen, which is toxic at astonishingly low levels against mosquitoes, are making the use of mosquitoes as vehicles of pesticide transfer a reality. In addition, researchers in Australia have also utilized "lethal tire piles," discarded tire piles sprayed with lambda-cyhalothrin (a pyrethroid) that are strategically placed in urban habitats, to lure and kill adult mosquitoes with some success to prevent infestations of Ae. aegypti (S. Ritchie, personal communication) . This method may be advantageous because Stegomyia species generally prefer tires as larval habitats, and the removal of the most productive habitats may force the species into more cryptic locations, which would be harder to detect and control. But the underlying questions with the attract-and-kill technologies concentrate on the attractiveness of the device for wild mosquito populations, their competitiveness with other natural or artificial containers, and, most importantly, the number of traps needed for effective area-wide suppression. This technology is near breakthrough for successful implementation into IMM approaches; however, the cost and efficacy of these devices requires immediate attention in the near future.
Insecticide Resistance, New Formulations, and Equipment
Unfortunately, development of new mosquito insecticide formulations is limited to the agricultural sector because of high developmental costs and low profits for public health use. Hence, product rotation for limiting insecticide resistance may be a major issue in certain geographic locations. Mosquito control agencies in the United States have benefitted from strong IMM efforts to limit the level of insecticide resistance within field populations of Ae. aegypti and Ae. albopictus; however, continual pressure from a limited group of insecticides will surely exert selective pressures for resistance. It is important for mosquito control agencies to monitor and respond to insecticide resistance as quickly as possible to ensure efficacy of the few formulations currently available for Stegomyia control. The development of new insecticides will assist in resistance management, and some hope is on the horizon for the commercial availability of these new formulations for mosquito control. These primarily include the development of essential oils as botanical larvicides, but also the exploitation of endosymbionts (Asaia, Acinetobacter, Pantoea) and entomopathogenic fungi (Beauveria and Metarhizium) as potential mosquito control products. In addition, less utilized formulations and methods such as the chitin synthesis inhibitors diflubenzuron and novaluron and the ATSB technologies will also play a greater role in IMM measures in the future. Pesticide manufacturers must continue to evaluate new formulations as potential mosquito control agents. In addition, the manipulation of current technology to address unique problems associated with Stegomyia control will provide alternative control techniques against these species, despite their logistic and economic challenges. Good examples of this include the utilization of adulticide equipment, by ground or air, to dispense area-wide larvicide formulations to target inaccessible and omnipresent containers. Furthermore, other developing technologies, such as the use of unmanned aerial vehicles (UAV), must not be taken lightly by the vector control community. These UAV devices may prove crucial in detection, mapping, and even focal control of Stegomyia infestations within peridomestic habitats.
New Methods
Most of the genetic control methods mentioned above that await regulatory and public approval prior to area-wide implementation and efficacy evaluations should be considered as future control methods. The SIT technique along with RIDL and Wolbachia-infected releases have already been discussed in detail, but other new methods may include the use of RNA interference (RNAi), a genesilencing mechanism achieved by delivering double-stranded RNA into cells or organisms; and homing endonuclease genes (HEGs), or selfish genes that can disperse through insect populations quickly and manipulate cellular repair mechanisms to copy themselves and cause disruptions within various developmental pathways. Regardless of the new method of control being developed, regulatory and public perception hurdles must first be overcome, which is not always as simple as it sounds. For example, regardless of the risk assessment, sound science, or environmental safety, the genetic approaches for mosquito control are not perceived positively by the public, who have a general misconception regarding genetically modified organisms and the control approach being considered. These difficulties must be professionally overcome by public health stewards through a transparent process that engages the community in which the control techniques are being considered, and alleviates their concern through solid facts and science. The underlying questions surround the economic affordability of such programs, the level of suppression needed for sustained control, potential for resistance, and possible contribution to abundance or disease transmission through accidental releases. However, although most of these methods are near or past scientific breakthrough in the laboratory or semi-field conditions, area-wide field evaluations must be conducted to fully gauge their efficacy against Stegomyia species.
GIS
Public Education
There is little doubt that public education should be incorporated for Stegomyia control, because it is nearly impossible for mosquito control programs to successfully survey and treat all residential parcels within their jurisdiction. However, although passive education campaigns, such as pamphlets, brochures, or other means of largescale advertisements, may prove beneficial for a minority of the population, active education campaigns seem to be more effective on a community-wide basis. Emphasis should be put on peer-educators or active members of the community (block captains, senior elders, community watch leaders) to engage a larger audience and retain pressure on noncompliant members. Public buy-in tends to be greater when internal members are providing active education, versus government employees, who may be removed and disengaged from the direct needs of that community. However, certain community-wide efforts may be conducted in conjunction with community leaders, which will increase the trust and accountability of all members. These include initiating neighborhood-wide recycling programs for tires and other containers that may harbor Stegomyia mosquitoes, cleanup efforts of abandoned lots or public places for trash cleanup and vegetation management, screening of rain barrels to prohibit Stegomyia oviposition, drilling trash cans and other usable containers to allow water to drain properly, appropriate installation and pitch of rain gutter drains such as corrugated extension spouts, and providing repellents to the public for proper protection when mosquito activity or arboviral transmission risk is high. These efforts do not need to be conducted on a daily basis by the local mosquito control program, but could rather be initiated on a monthly basis, perhaps as a community volunteer program, which will be productive not only for mosquito control purposes, but also for developing community trust and respect.
Private Pest Control Operators and For-Profit Companies
There has been a large increase in the amount of private pest control companies providing mosquito control services and also the formation of new for-profit companies, specifically providing mosquito control services. The vast majority of the latter have been created along the eastern seaboard, primarily in response to urban and suburban populations of Ae. albopictus, which are creating havoc in areas where no organized mosquito control exists, or areas where the local mosquito control program is simply overwhelmed to address Ae. albopictus-driven service requests. Although the private industry is filling a valuable niche to address container-inhabiting mosquitoes, the mosquito control community must better engage these companies through training and professional education to private pest control officials (PCOs), so that they are a beneficial asset for Stegomyia control and not a potential concern for insecticide resistance management. The increase in misting systems that may deliver sublethal doses of insecticides, in addition to excessive use of residual barrier products, by the private industry must be monitored and addressed. This will prove beneficial for public health officials and the private industry. But communicating the pesticide mantra of "less is more" is not always easy for private groups. The underlying theme in the private industry must be driven by profits and PCOs are often under tremendous pressure to inspect, treat, and leave a property as quickly as possible. But this is difficult when it comes to Stegomyia control, because larval control is difficult to achieve and sustain, often requiring thorough inspections of the resident's property and immediate neighbors. In fact, a resident may not be harboring mosquitoes on their property, but the next-door neighbor may provide an overabundance of container habitats, leading to recurring mosquito problems. If that neighbor does not want to pay for the services of the PCO, the adult mosquito problem will continue and the PCO will be forced to potentially apply more pesticides with each visit. A middle ground and effective communication must be increased between PCOs and mosquito control programs for the betterment of all vested parties. The private industry has a very valid role to play in Stegomyia control, and it is up to our community to embrace, educate, and assist in this endeavor in the near future.
Interagency Collaborations and Enforcement
Sustainable and effective control of Stegomyia species must include various public agencies working in collaboration to expedite response, increase work force, and accelerate transparent communication among vested agencies. In the event of local transmission of arboviral diseases, communication must be increased between state health departments and mosquito control programs to ensure the notification of reported cases. The quicker the control response, the better chance of preventing-containing an arboviral outbreak. But unfortunately, this is not often the case, and local mosquito control programs may not be informed of cases until several days, if not weeks, post confirmation. In addition, local health departments and legal authorities must work in unison with local mosquito control programs to expedite access issues of noncompliant residents. Although some mosquito control programs in the United States possess regulatory statutes that allow them access into private properties and provide legal abatement notification, this is not the norm for most of the programs, and they are often required to work with local health departments for access or processing. In addition, the assistance of other departments, such as the department of transportation or public works, will also prove crucial when it comes to conducting sanitation work, vegetation management, catch basin cleanings, or community-wide cleanup or recycling events. Furthermore, interagency collaborations will provide access to other technical equipment that may not be readily available to most mosquito control programs. It is important for all agencies to work in solidarity and develop relationships that may be used quickly during management campaigns. Last, it is also important for mosquito control agencies and public health officials to start thinking about legislative fixes that may provide them the authority to access and control of vectors, not just in times of emergency, but also during routine surveillance because a proactive approach and early detection provide the greatest chance of mosquito suppression. The ability to prescribe hefty penalties against chronic offenders for failure to comply with laws, such as in Malaysia and Singapore, would bolster the area-wide control efforts, because a single noncompliant household may provide larval sources for a neighborhood-wide infestation.
Closing Remarks
Regardless of the existing or future intervention methods available for the control of container-inhabiting mosquitoes such as Ae. albopictus, it is important to realize that the method must truly be incorporated into an existing IMM approach (Fig. 1) . No strategy, by itself, will be effective against this species, because of the wide ecological plasticity that it exhibits. Most importantly, any IMM approach must include community-wide efforts and collaborations. Successful suppression campaigns will be led by academics, mosquito control personnel, public health officials, local or federal government agencies, community leaders and residents, private pesticide companies, pest control officials, and politicians. Proactive planning, through surveillance and timely intervention, will provide the key to dealing with this public health threat. Public health practitioners and policy makers are urged to install proactive plans for mitigation against imminent outbreaks of exotic pathogens such as CHIKV, DENV, or ZIKV.
